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® STAMPABLE SHEET MADE OP HBER-REINPORCED THERMOPLASnnC RESIN AND MOLDED ARTICLE 
THEREOF. 



@ A stampabte sheet made of a fiber-reinforced thermoplastic resin and a molded article produced from the 
r- sheet, wherein the reinforcement is a glass fiber mat comprising a nondirectionai fiber layer and a unidirectional 
< fiber layer mechanically entangled with each other. The use of 20 to 65 wt% of a glass fiber mat wherein the 
M content of a long glass fiber bundle constituting the unidirectional fiber layer Is 20 to 80 wl% and a significant 
^ portion of the glass fiber bundle or the glass fiber is in a substantially relaxed state has made it possible to 
00 enhance the tensile strengths in all the directions, the molding fiuidity of the long glass fiber bundle in the 
^ direction of arrangement (reinforcement), and the compression strength In the direction of reinforcement. A 
CO molded article produced from the above stampabte sheet alone or a laminate thereof Is one improved in the 

tensile strengths In all the directions, the compression strength in the direction of reinforcement reliability. 
O appearance, and ease of handling. 



XeraxOopyOanUe 



EP0434846A1 



FIG. I 



r- 




2 



EP0 434 846A1 



STAMPABLE SHEET MADE OF HBER-REINFORCED THERMOPLASTIC RESIN AND MOLDED ARTICLE 

THEREOF 



TECHNICAL RELD 

The present invention relates to stampable sheets made of fiber-reinforced thermoplastic resins and 
molded articles thereof and, more particularly, to stampable sheets made of a fiber-reinforced themnoplastic 
s resin, suitable in press molding of molded parts or products such as a bumper beam for a vehicle or the 
Uke In which particularly high mechanical strength In a specific direction is required, and to molded articles 
formed by molding of the stampable sheet 

BACKGROUND ART 

10 

A fiber-reinforced thermoplastic resin-made stampable sheet (hereinafter refemed to as "FRTP stam- 
pable sheet*^ that Is one of fiber-reinfbrced-resin composito materials capable of being press-molded, is 
increasing its demand espedaJly in structural components for a vehicle, as an aitemative material 
(substituent) for a metal material, in view of Its superior product strength, processability, mass productivity, 
f 6 fight-weightness, conrosion resistance, elastic recoverabiiity. energy absorbability and ttie like. 

The FRTP stampable sheet can broadly be dhrided Into a unidirectional reinforced sheet a bidirectional 
reinforced sheet a non-oriented reinforced sheet and a composite sheet (whose structure is a combination 
of the aforesaid sheets), depending upon a difference in a manner of orientation of glass long-fibers as a 
reinforcement Among diese, the composite sheet having a combined structure of the non-oriented 
20 reinforced sheet and tiie unidirectional reinforced sheet has become to be used, in substitution for tiie 
conventional metal material, as a component which is required to have mechanical strength in a specific 
' direction (for example, in a longitudinal direction in the case of a bumper beam for a vehicle, or tiie like), 

and which is also required to have light-welghtness and degree of freedom of configuration. 

Such FRTP stampable sheet which has particulariy superior mechanical strength in tiie specific 
25 direction. Is manufactured as foltows. That Is. glass long-fiber bundles are shaken down spirally, whereby a 
laminated product of the glass long-fiber bundles (hereinafter referred to as 'non-oriented fiber layer"), 
whfoh are so anranged as to have no directional property, is prepared. Further, a plurality of glass tong-flber 
bundles are arranged in parallel relation to each other, whereby an ananged product of glass long-fiber 
bundles (hereinafter referred to as "unidirsctional fiber layer"), which are so anranged as to have a 
30 dimctional property In a specific direction, Is prepared. Then, a glass fiber mat is prepared from said 
laminated product (non-oriented fiber layer) and said ananged product (unidirectional fiber layer) by 
mechanteally Intertwining them with each other by a needte punch or the like. Rnally. the glass fiber mat as 
a reinforcement Is impregnated wtth tiiermoplastic resin to obtain tfie FRTP stampable sheet 

Here. In fonmlng the unidirectional fiber layer. In order to inwease tensile strength of a product in a 
35 specific direction, that is, tensile strength of a product In tiie orientation direction of tiie glass long-fiber 
bundles forming tiie unldirBctional fiber layer (hereinafter refenned to as "reinforcing direction"), a relatively 
high tensfon is applied to each of tiie glass tong-fiber bundles, such that ttiey are anranged In parallel 
relation to each otiier and In a linear manner as far as possible. 

However, tiie conventional FRTP stampable sheet has tiie following problems, because molding 
40 flowablllty in tiie reinforcing direction at stamping molding (press molding) Is insufficient 

0 For example. In tiie case of being mokled into a complicated configuration having recesses for 
mounting steys at botti ends of a bumper beam, a size of blank (cut article of tiie FRTP stampable sheet 
for molding) and a charge pattern (how to place tiie heated blank wittiln a mold, at press mokiing) are 
complicated, making it difficult to obtain high productivity. 
45 (^ In the case that an elongated article Is molded, underfill is liable to occur at tongitudinal ends. 

(D At mowing, abnormal orientation (weld) Is Sable to occur In the glass long-fibers forming tiie 
unidirectional fiber layer, making It difficult to produce a moMed article which Is small in variation of 
breaking load and which Is superior in reliability. 

Furtfiermore, tiie conventional FRTP stampable sheet has Insufficient Impregnation ablPrty of the 
60 ttiemioplastic resin Into tiie glass long-fiber twndles fonning ttie unidirectional fiber layer. Accordingly, the 
moWed article, which utilizes ttie conventional FRTP stampable sheet, has tiie following problems. 

® A superior tensile strengtii can be achieved In ttie reinforcing direction. In ttie case, however, where 
ttie FRTP stampable sheet Is applied to an element or component which requires superior tensile 
strengtti and superior compressive strength, such as a bumper beam, compressive strengtii in tiie 
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reinforcing direction refen'ed to above is still insufficient in view of safety. 

® Since the glass fibers are liable to be exposed to a surface of a molded article, the article is inferior 
in fine view and is deteriorated in feel or touch. And. there may be a case where a stab is suffered by 
the exposed glass fiber at handling. 
6 Accordingly, an object of the invention is to provide an FRTP stampable sheet and its molded article 
which have solved the above-discussed problems. 

DISCLOSURE OF THE INVENTION 

10 The invention has been made in order to achieve the above-described object and, according to the 
invention, there is provided a stampable sheet made of fiber-reinforced themnoplastic resin, wherein a glass 
fiber mat is impregnated with thermoplastic resin, said glass fiber mat being formed by mechanically 
intertwining (i) a non-oriented fiber layer composed of glass long-fiber bundles so arranged as to have no 
directional property and (ii) a unidirectional fiber layer composed of glass long-fiber bundles so arranged as 

IS to have a directional property in a predetermined direction, characterized in that a content of the glass fiber 
mat in the stampable sheet made of the fiber-reinforced thermoplastic resin is 20 wt% " 55 wt%, that a 
content of the glass long-fiber bundles forming the unidirectional fiber layer, in the glass fiber mat is 20 wt% 
" 80 wt%. and that a significant amount of glass long-fiber bundles among the glass long-fiber bundles 
forming the unidirectional fiber layer or a significant amount of glass long-fibers in the glass long-fiber 

20 bundles forming the unidirectional fiber layer is substantially under a relaxation condition. 

By using the FRTP stampable sheet according to the invention, it Is possible to provide the FRTP 
stampable sheet which has superior tensile strength in the reinforcing direction and which has also superior 
molding flowability and compressive strength in this direction. 

Further, a molded article according to the invention is characterized In that the single FRTP stampable 

25 sheet or laminated FRTP stampable sheets Is (are) press-molded. 

By putting the invention into practice, it is possible to provide, under high productivity and easily, the 
molded article made of the FRTP stampable sheet which has superior mechanical strength, reliability, fine 
view and easiness in handling. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 Is a top plan view of an example of a giass-fiber-mat manufacturing equipment in which a glass 
fiber mat is produced which Is used as a reinforcement for an FRTP stampable sheet according to the 
invention: 

Fig. 2 is a top plan view showing a test piece for measuring compressive strength of the FRTP 

35 stampable sheet 

Fig. 3a is a front elevational view showing a compressive-strength test apparatus, and Rg. 3b Is a side 
elevational view showing the compressive-strength test apparatus; 

Fig. 4a is a perspecth^e view showing a test beam. Rg. 4b is a cross-sectional view taken along the line 
IVb - IVb in Rg. 4a, and Rg. 4c is a cross-sectional view taken along the line IVc - IVc in Rg. 4a; and 
40 Rg. 5a Is a front elevational view showing a three-point bending test apparatus, and Rg. 5b is a cross- 
sectional view taken along the line Vb - Vb in Fig. 5a. 
BEST MODE FOR CARRYING OUT THE INVENTION 

In an FRTP stampable sheet according to the invention, there is used a glass fiber mat as a 
* 45 reinforcement, in which (1) a non-oriented fiber layer composed of glass long-fiber bundles so an'anged as 
not to have a directional property and (ii) a unidirectional fiber layer composed of glass long-fiber bundles 
so an'anged as to have a directional property In a predetermined direction are mechanically intertwined with 
each other. 

The material and shape of the glass long-fiber bundles forming the non-oriented fiber layer and the 
so unidirectional fiber layer in the glass fiber mat as a reinforcement are not particularly limited. Glass long- 
fiber bundles may be employed in which 100 through 4000 continuous long-fibers of E-glass are bundled 
together, whose fiber diameter is 13 through 26 ft m and which has generally be used conventionally as a 
reinforcement for a fiber-reinforced-resin composite material. At this time, the glass long-fiber bundles 
forming the non-oriented fiber layer and the glass long-fiber bundles forming the unidirectional fiber layer 
55 may be different from or identical with each other in fiber diameter and the bundled number of the glass 
long-fiber forming the glass long-fiber bundles. 

Further, a content of the glass long-fiber bundles forming the unidirectional fiber layer in the glass fiber 
mat employed as a reinforcement. Is limited to 20 wt% " 80 wt%. The reason for this is that, if the content 
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of the glass long-fiber bundles forming the unidirectional fiber layer in the glass fiber mat Is less than 20 
wt%, it becomes difficult to particularly Increase the mechanical strength in the reinforcing direction. On the 
other hand, If the content exceeds 80 wt%. the strength In the direction perpendicular to the reinforcing 
direction of a heated blank Is reduced when the FRTP stampable sheet is molded to produce a molded 
5 article, and accordingly, handling will become difficutL This is not preferable, because productibillty will be 
reduced. 

Furthenmore. in the glass fiber mat which is used as a reinforcement in the FRTP stampable sheet 
according to the invention, it is essential that a ^nificant amount of glass long-fiber bundles among the 
glass long-fiber bundles fbnming the unidlractiona} fiber layer or a significant amount of glass long-fibers in 

10 the glass long-fiber bundles forming the unidirectional fiber layer are substantially under the relaxation 
condition. The reason for this is as follows. That is. like the conventional one, if tiie glass long-fiber bundles 
fonming tiie unidirectional fiber layer in the glass fiber mat contains a large amount of ttie glass k>ng-fiber 
bundles or the glass long-fibers under the tensile condition, impregnation of tiie ttiemnopiastic resin into ttie 
glass long-fiber bundles becomes insufficient so that tiie molding fiowablllty in tiie reinforcing direction 

76 during tiie stamping molding and tiie compressive strengtti in tiie reinforcing direction are reduced. 
Accordingly, problems will occur which are similar to tiiose of the afbrementioned conventional FRTP 
stampable sheet 

in connection witii the above, the substantial relaxation ooncfition refenred to in the invention means that 
at stamping molding of tfie FRTP stampable sheet tiie glass tong-fiber bundles fonning tiie unidirectional 
20 fiber layer or tiie glass tong-fibers in tiie glass long-fiber bundles are relaxed to such an extent ttiat tiie 
molding fiowablllty In tiie reinforcing direction is not prevented, tiie tensile strengtii of tiie molded article 
which is produced by stamping mokling of tiie FRTP stampable sheet is not excessively reduced In tiie 
r^nfbrdng direction. 

The glass long-fiber bundles substantially under tiie relaxation condition do specifically mean glass 

25 long-fiber bundles in which tiie lengtti of tiie glass long-fiber bundles as viewed in plane is 1.005 tiirough 
1.10 times the length of tiie FRTP stampable sheet in the reinforcing direction (the orientation direction of 
tiie glass long-fiber bundles fonning tiie unidirectional fiber layer). In tiie glass long-fiber bundles fonming 
tiie unidirectional fiber layer, tiie content of tiie glass k)ng-fiber bundles substantially under tiie relaxation 
condition is limited to 15% " 100%. whereby it is possible to produce functional advantages of the 

30 invention. Particularly preferable content is 50% " 100%. 

If the lengtii of the glass long-fiber bundles substantially under the relaxation condition is less tiian 
1.005 times tiie lengtti of tiie FRTP stampable sheet In ttie reinforcing direction, problems will arise which 
are similar to ttiose of tiie conventional FRTP stampable sheet. On ttie ottier hand, If ttie above-mentioned 
lengtii exceeds 1.10 times, tiie tensile strengtti in ttie reinforcing direction will excessively be reduced- 

35 IVIoreover, If ttie content of ttie glass tong-fiber bundles substantially under ttie relaxation condition is less 
tiian 15% in ttie glass long-fiber bundles fomiing tiie unidirectional fiber layer, problems will arise which are 
similar to ttiose of ttie conventional FRTP stampable sheet 

In connection with ttie above, ttie lengtti of ttie glass tong-fiber bundles, as viewed in plane, means tiie 
following lengtti. That Is, a sample, whose lengtti Is 200 mm In ttie reinforcing direction, is brought down out 

40 of ttie FRTP stampable sheet for exampte. TTie sample Is burned to Indnerate a rosin contained iher^n. 
Subsequentiy, tiie residue is again bumed to remove soot tiierefrom, to obtain a glass fiber mat The glass 
fiber mat Is taken In photograph. The tengtii of ttie glass tong-fiber bundles on ttie photograph enlarged two 
times is measured by means of a measuring Instrument such as a curvi meter or tiie like. Thus, ttie lengtii 
of tiie glass long-fiber bundles Is determined. At tills time, when obtaining tiie glass fiber mat tiie glass 

45 tong-fiber bundles forming ttie unidirectional fiber layer is cotored by blue ink, whereby pigment in ttie Wue 
Ink, including Iron, acts as so-called glaze at burning or combustion, and as a result ttie glass fiber mat Is 
cotored red. AcoonJingly, it becomes easy to measure the lengtti of ttie glass long-fiber bundles after ttie 
soot has been removed. AHematively. a plurafity of glass tong^ber bundles are setocted among ttie whole 
glass long-fiber bundtos fomiing ttie unidirectional fiber layer in ttie glass fiber mat fifom which ttie soot has 

50 been removed, and ttiey are mariced wltii an oily martdng pen. This also fadOtates measurement In lengtti of 
ttie glass tong-fiber bundles. 

Furthemiore, ttie glass long-fibers substantially under tiie relaxation condition do specifically mean 
glass long-fibers whose tongtii is 1.005 * 1.10 times tiie lengtti of ttie FRTP stampable sheet in ttie 
reinforcing direction (orientation direction of tiie glass long^iber bundtos fbnning tiie unidirectional fiber 

55 layer). The content of ttie glass long-fibers substantially under ttie relaxation condition In tiie glass tong-fiber 
bundles forming ttie unidirectional fiber layer is brought to 35% " 100%. whereby It Is posslbte to produce 
functional advantages of ttie Invention. Particularty preferable percentage is 40% " 100%. 

If ttie lengtii of tfie glass tong-fiber bundles substantially under ttie relaxation conditiori is toss ttian 
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1.005 times the length of the FRTP stampabia sheet in the reinforcing direction, problems similar to tliose 
of the conventionai FRTP stampable sheet will arise, if the length exceeds 1.10 times, the tensile strength In 
the reinfbrcing direction is excessively reduced, ^/loreover. if the content of the glass long«fibers substan- 
tially under the relaxation condition in the glass long-fiber bundles fomning the unidirectional fiber layer is 

5 less than 35%. problems similar to those of the conventional FRTP stampable sheet will also arise. 

The length of the glass long-fibers refen^ed to here means as follows. That is, a sample having its length 
of 100 mm in the reinforcing direction is brought down out of the FRTP stampable sheet The sample is 
scrape-processed until the length in the reinfbrcing direction is brought to 90 mm. Subsequently, the 
sample is bumed to incinerate the resin contained therein. The residue is further burned to remove soot 

TO therefrom. Thus, the glass fiber mat is otrtained. The glass long-fiber bundles fonmlng the unidirectional 
fiber layer are peeled off from the glass fiber mat. The above-described length means the length of the 
glass long-fibers having their length approximately equal to the length (90 mm) of the sample in the 
reinforcing direction, which is contained in the above-mentioned glass long-fiber bundles peeled off. That is. 
the length means the length of the glass long-fibers In which, in the glass long-fiber bundles forming tha 

75 unidirectional fiber layer in the sample, the glass long-fibers are not cut at manufacturing of the glass fiber 
mat it is possible to easily measure such length of the glass fibers by means of a traveling microscope or 
the iilce. under the condition that the glass fibers are fixed onto a board or the filce. 

The glass fiber mat which is used as a reinforcement in the FRTP stampable sheet according to the 
invention, can be produced as follows. That is, for example, the glass long-fiber bundles Is unlfomnly shalcen 

20 down spirally onto a mesh conveyor made of steel, tiiereby forming a non-oriented fiber layer. A plurality of 
glass long-fiber bundles are arranged on the non-oriented fiber layer in parallel relation to the advancing 
direction of the mesh conveyor, thereby forming a unidirectional fiber layer. Subsequentiy. the glass long- 
fibers are intertwined with each other by means of needle punching, to mechanically Intertwine both layers 
with each other. 

25 At this time, attention is paid to the fact that tiie content of the glass long-fiber bundles fomiing the 
unidirectional fiber layer, in the glass fiber mat Is brought to 20 wt% 80 wt%. Further, attention is paid to 
tiie fact that a significant antount of glass long-fiber bundles among the glass long-fiber bundles forming the 
unidirectional fiber layer or a significant amount of glass long-fibers in the glass long-fiber bundles forming 
ttie unidirectional fiber layer is brought substantially to the relaxation condition. Bringing the significant 

30 amount of glass long-fiber bundles in ttie glass long-fiber bundles fonning tiie unidirectional fiber layer or 
the significant amount of glass long-fibers In the glass long-fiber bundles fonning the unidirectional fiber 
layer, substantially into the relaxation condition, is practiced as follows. That is. when fonning tiie 
unidirectional fiber layer of the glass fiber mat flie tension acting upon each glass long-fiber bundle should 
be wealcefied, or supply speed of the unidirectional fiber layer to a needle punch machine should be faster 

35 ttian talcing-over speed thereof from the needle punch machine. 

in manufacturing tiie glass fiber mat which is used as a reinforcement in the FRTP stampable sheet 
according to the invention, in the case where the glass long-fibers are mechanically intertwined witii each 
other by meane of needle punching, the needle punching may be done firom any one of the side of the 
unidirectional fiber layer and the side of tiie non-oriented fiber layer, if disturt^ance of the orientation of tfie 

40 glass long-fiber bundles forming the unidirectional fiber layer Is within a range which does not excessively 
reduce tiie tensile strengtii of the produced FRTP stampable sheet in tiie reinfbrcing direction. Moreover, 
needle punching may be done from both sides. 

The FRTP stampable sheet according to the invention can be produced as follows. That is, tiie above- 
described glass fiber mat is employed as a reinforcement The glass fiber mat is impregnated under a 

4S molten condition, witii a tiiemnoplastic resin such as polypropylene, polyamide. polyethylene terephthalate, 
polybutylene terephtiialate, polyphenylene sulfide, polyphenylene oxide, polyacetal, polyallylate, polyetiiyl- 
ene, polyether Icetone, thermoplastic polyuretfiane, polyvinyl chloride, polyvlnylldene chloride, polystyrene. 
ABS resin or the lilce. A polymer blend or polymer alloy consisting of at least two tiiemnoplastic resins 
mentioned above may be used. Subsequentiy. tiie thennoplastic resin is cooled and solidified. Thus, tiiere 

50 is produced tiie FRTP stampable sheet according to the invention. 

in the FRTP stampable sheet according to tiie invention, tiie content of the glass fiber mat is limited to 
20 wt% " 55 wt%. The reason for this is as follows. That is, If the content of tiie glass fiber mat in tiie FRTP 
stampable sheet is less ttian 20 wt%, reinforcing effects due to tiie glass fiber mat will be insufficient 
Accordingly, It Is impossible to produce a molded article which has superior mechanical strength. On tiie 

55 otfier hand, if the content exceeds 55 wt%, tiie Impregnation of tiie tiiemnoplastic resin into the glass long- 
fiber bundles forming the glass fiber mat Is reduced. Accordingly, it is impossible to produce a molded 
article which has superior compressive strengtfi. 

The thus formed FRTP stampable sheet according to the invention contains, as a reinforcement the 
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glass fiber mat in which the non-oriented fiber layer and the unidirectional fiber layer are mechanically 
intertwined with each other, in the content of 20 wt% " 55 wt%. The glass long-fiber bundles forming the 
unldirectfonal fiber layer are contained In the glass fiber mat In the content of 20 wt% " 80 wt%. 
Accordingly, the FRTP stampable sheet has superior tensile strength in any direction, and has particularly 
superior tensile strength in the reinforcing direction. 

Further, since the significant amount of the glass long-fiber bundles in the glass long-fiber bundles 
forming the unidirectional fiber layer in the glass fiber mat or the significant amount of glass long-fibers In 
the glass long-fiber bundles fdming the unidirectional fiber layer is brought substantially into the relaxation 
condition, the impregnation ability of the thermoplastic resin into these glass long-fiber bundles is improved. 
Accordingly, the FRTP stampable sheet has also superior molding flowability In the reinforcing direction and 
compressive strength in the reinforcing direction. 

As described above, since the FRTP stampable sheet according to the invention has superior molding 
flowability in the reinforcing direction, it is possible at molding to reduce the lands of the blank sizes. 
Furthermore, since the charge pattern can be simplified more than the conventional one. it is possible to 
Improve the productivity, particularly in the case of the molded article having a complicated shape or 
configuration. Moreover, even in the case where the stampable sheet Is stamping-molded Into a molded 
article having In-egularlties. occurrence of underfill and occun^nce of weld can be reduced, making it 
possible to effidentiy produce a molded article in which the glass long-fibers are distributed as a whole, that 
is. a molded article which has superior reliability. Further, by stress appUed at molding, ttie glass long-fiber 
bundles or tiie glass fibers substantially under ttie relaxation condition, fbnnlng the unidirectional fiber layer, 
are brought to a more tensile condition in tiie irregular position of ttie molded article. Accordingly, tiiere is 
produced a molded article which has also superior tensile strengtii in tfie reinforcing direction. 

Furttiemiore, in tiie case where a molded article is manufactured from tiie FRTP stampable sheet 
according to tiie invention, since the FRTP stampable sheet is enhanced in impregnation of tiie tiiemnoplas- 
tic resin therewith, it Is possible to produce a molded article having superior compressive strengtii in the 
reinforcing direction. IVIoreover, it is extremely reduced tfiat ttie glass fibers are exposed to the surface of 
tiie molded article, making it possible to Improve a fine view of tiie molded article and to facilitate its 
handling. 

The molded article according to tiie invention is fomied from ttie FRTP stampable sheet according to 
the invention, which has tiie above-discussed advantages, tiiat is, ttie single FRTP stampable sheet or tiie 
laminated FRTP stampable sheets Is stamping-molded to obtain tiie molded article. Accordingly, tiie 
molded article according to ttie invention Is a molded article which has superior tensile strengtii in any 
direction, compressive strengtii In ttie reinforcing direction, reBability and fine view, and Is a molded article 
which is easy in handling. 

The invention will furttier be described witfi reference to various examples. 

Example 1 

A glass fiber mat, which was used as reinforcement, was manufactured in the following manner, by a 
glass-fiber-mat manufacturing equipment 1 shown in Rg. 1. 

Rrst. glass long-fiber bundles. In which four-hundred (400) continuous long-fibers of E-glass whose fiber 
diameter was 23 /i m were bundled, were used as glass kmg-fiber bundles for a non-oriented fiber layer. 
The glass long-fiber bundles was shaken down spirally onto an endless mesh conveyor 2 uniformly in a 
predetermined tfiickness to fonm a non-oriented fiber layer 3. Separately, glass long-fiber bundles 4, in 
which one-tiiousand (1000) continuous long fibers of E-glass whose fiber diameter was 23 a m were 
bundled, were used as glass long-fiber bundles for a unBrectional fiber layer, A predetemnlned number of 
rovings 5 of tfie glass long-fiber bundles 4 were arranged on shelves 6. to form, by a feed roller assembly 7 
having ttiree (3) rollers, a unidirectional fiber layer 8 which was composed of tiie predetemiined number of 
the glass long-fiber bundles 4. The unidirectional fiber layer 8 was supplied to a needle punch machine 10 
in a direction parallel to an advancing direction of ttie mesh conveyor 2. ttirough a comb-type guide 0 
variable in pitch. In ttiis connection, ttie needle punch machine 10 comprises a section 10a perfonming 
punching by means of a plurality of needles, and a delivery roller assembly 10b for drawing out tiie glass 
fiber mat In which ttie nonK>riented fiber layer 3 and ttie unidirectional fiber layer 8 are mechanteally 
Intertwined witti each other by ttie punching. 

In tiie needle punch machine 10. a non^riented fiber layer 3a after It has been dried by a dryer 11. and 
ttie unidirectional fiber layer 8 were needle-punched from tiie side of tiie unidirectional fiber layer 8 and 
were mechanteally intertwined witii each otfier, to produce a glass fiber mat 12 in which ttie content of ttie 
unidirectional fiber layer 8 was 55 wt%. At ttils time, supply speed (feed speed of ttie feed roller assembly 
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7, and so forth) of the unidirectional fiber layer 8 to the needle punch machine 10 was 0.99 times taking- 
over speed from the needle punch machine 10 (speed of the delivery roller assembly 10b, and so forth) 
[hereinafter, (the feed speed of the feed roller assembly 7)/(the speed of the delivery roller assembly 100) 
will be refenred to as *speed ratio"]. In this connection, a tension of 25 g per one bundle (a tension 

5 measured between the feed roller assembly 7 and the comb*type guide 9. and so forth) was applied to the 
glass long-fiber bundles 4 fonning the unidirectional fiber layer 8. 

Subsequently, the obtained two glass fiber mats were employed. Polypropylene sheets were arranged 
respectively on the sides of ttie non-oriented fiber layers of the respective glass fiber mats. An extruded 
molten article of polypropylene was interposed between both the glass fiber mats. The glass fiber mats 

10 were laminated one upon the other such that the unidirectional fiber layers of both the glass fiber mats were 
located on the inside. The glass fiber mats were heated to melt the polypropylene sheets. The glass ftt>er 
mats were impregnated with the polypropylene under molten condition, under pressurizatlon. Subsequently, 
the glass fiber mats were cooled under pressurizatlon. Thus, there was produced an FRTP stampabie sheet 
in which the content of the glass fiber mats was 42 wt%. 

TS A length of the glass long-fiber bundles forming the unidirectional fiber layer, in the thus obtained FRTP 
stampabie sheet as viewed in plane, was measured In the following manner. 

Rrst in the glass-fiber-mat manufacturing equipment 1 shown in Rg. 1. ten (10) bundles of the rovings 
5 of the glass tong-fiber bundles 4 forming the unidirectional fiber layer 8 were colored by blue ink (Blue 
Black manufactured by Pilot Ink Kabushiki Kaisha). A glass fiber mat was similarly manufactured except that 

20 the cotored glass long-fiber bundles from these colored rovings 5 were anranged, at intervals of about 10 
cm. Subsequently, the obtained glass fiber mat was used to produce an FRTP stampabie sheet whose 
width was 1000 mm by the aforesaid method. 

Subsequently, a plato of 1000 x 200 mm, whose length in the reinforcing direction was 200 mm, was 
brought down out of the obtained sheet The ptate was divided into five (5) pieces whose width was 200 

25 mm. and each of the five pieces was burned within a combustion furnace for about twenty (20) minutes to 
incinerate the resin contained therein. Subsequently, the residue after buming was put into an electric 
furnace of 650 *C for about twenty (20) minutes to incinerate and remove soot and was taken In 
photograph. The photograph was enlarged two times and. subsequentiy. was printed. A iengtii of the glass 
long-fiber bundles colored by the bkie ink was measured by a curbl meter (trade name: Digital Curb! Meter 

30 S type, manufactured by Kabushiki Kaisha Uchida Youkbu) (hereinafter, tills measuring metiiod will be 
referred to as "metiK)d A*). At tills time, since pigment in ttie blue ink, Including iron, acted as so-called 
glaze within tiie electric fumaoe, and as a result it was colored red, measurement was possible even on tiie 
glass fiber mat after incineration. 

From tiiese measurement results, an amount of the glass long-fiber bundles substantially under tiie 

35 relaxation condition, refenred to in ttie Invention, tiiat Is. an amount of tiie glass long-fiber bundles, in which 
tite length measured by ttte mettHXl A was 1.005 through 1.10 times ttie lengtti (200 mm) of ttie plate, was 
determined. ~* 

As a result tiie amount of ttie glass long-fiber bundles substantially under ttie relaxation condition 
refenred to in ttie invention was 60% (6 bundies^O bundles) as depicted in tiie table 1. 

40 Separately, ttie lengtti of ttie glass long-fibers in ttie glass long-fiber bundles forming ttie unidirectional 
fiber layer. In tiie FRTP stampabie sheet produced In ttie above-described manner, was measured by tiie 
following metiiod. 

Rrst ten (10) samples of 100 x 100 mm. whose lengtii in ttie reinforcing direction was 100 mm, were 
brought down out of tiie FRTP stampabie sheet which has first been produced and whose width was 1000 

45 mm. Each of ttie samples was scrape-processed until ttie iengtti in ttie reinforcing direction became 90 mm. 
Subsequentiy. ttie sample was burned wittiln a combustion fomace for twenty (20) minutes, to incinerate ttie 
resin contained therein. The residue was furttier burned wittiln an electric furnace at 650 * C for twenty (20) 
minutes, to remove soot ttierefrom. Thus, two glass fiber mats, which were used as a reinforcement were 
taken out under a condition of being laminated one upon tiie ottier. 

50 Subsequentiy, the two glass fiber mats under the condition of being laminated one upon ttie other were 
separated from each other. Each one glass long-fiber bundle forming the unidirectional fiber layer was 
peeled off from each glass fiber mat Glass fong-fibers. which were considered to have ttieir lengtii 
approximately Identical witti ttie lengtti (90 mm) in ttie reinforcing direction of ttie samples, after having 
been cutting-processed, were pulled out of each of the glass fiber bundles. The pulled-out glass fong^ibers 

55 (60 in sum) were fixed straight on black plates, respectively. The lengtti of ttie pulled-out glass fong-fibers 
was measured by a traveling microscope (hereinafter, ttils measuring mettiod will be refened to as "mettiod 
B^. 

Among 60 glass fibers, glass kxig-fibers, whose lengtti was less ttian ttie lengtti (80 mm) of ttie samples 
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in the reinforcing direction. werB excluded. An amount of glass long-fibers substantially under the relaxation 
condition refenred to in the Invention, which were contained In the total glass long-fibers longer than the 
length (90 mm) In the reinforcing direction of the samples after having been cutting-processed, that is, an 
amount of glass long-fibers whose length measured by the method B was 1.005 "1.10 times the length (90 

5 mm) of the samples after having been cutting-processed, was measured. 

As a result, the amount of glass long-fibers substantially under the relaxation condition referred to in the 
invention was 45.0% (18/40) as depicted In the table 1. 

Furthermore, In measuring the tensile strength and the compressive strength of the produced FRTP 
stampable sheet two blanlcs. whose dimension was 240 x 240 mm, were brought down out of the FRTP 

10 stampable sheet The two b\anks were heated such that surface temperature of the blanks was brought to 
200 ± 10 'C . Subsequently, the blanks were laminated one upon the other such that their reinfordng 
directions were coincident with each other. The blanks were molded under such conditions that mold 
temperature was 40 *C . press pressure was 135 tons, press pressurization speed was 12 mm/sec. and 
cooling time was 30 sec. Thus, there was produced a planar plate whose dimension was 300 x 300 mm. 

16 Subsequently, a strength-measuring test piece (hereinafter referred to as "MD test piece") whose longitudi- 
nal direction was coincident with the reinforcing direction, and a strength-measuring test piece (hereinafter 
referred to as "TO test piece") whose longitudinal direction was perpendicular to the reinforcing direction, 
were brought down out of the mokted planar plate. The tena'le strength and the compressive strengtti were 
measured in the following manner. 

so 

(a) Tensile Strength 

An I^D test piece and a TD test piece, whose configuration was in accordance witii ASTM 0-638, were 
brought down, and tensile strength was measured for each of tiie MD test piece and the TD test piece, in 
25 accordance witfi ASTM D-638. 

(b) Compressive Strengtti 

A strengtti-measuring test piece 23, whose botii ends 21 on ttie short sides had a radius of curvature 
$0 (R) of 76 mm as shown in Rg. 2, which spread like an unfblded fan. and whose central section 22 was 
rectangular having a wldtti (W) of 12.5 mm and a lengtfi (Li) of 57 mm. and whose entire length (I-2) was 90 
mm. was brought down out of tiie molded planar plate, for each of ttie MD test piece and tiie TD test piece. 

Subsequently, as shown In Rgs. 3a and 3b. a compresslve-strengtti test apparatus 35 was used which 
comprised a test-piece hoWer 32 fixedly mounted on a toad cell 31 fbced by means of bolts 30, and a test- 
es piece holder 34 fixedly mounted on a cross head 33 located above tfie load cell 31. at a tocation adjacent to 
tfie load cell 31. The strengtti-measuring test piece 23 shown in Rg. 2 was held, under a longitudinal 
condition, at a location between ttie test-piece holders 32 and 34 of ttie compressh^e-strengtti test apparatus 
35 such ttial a distance d between tfie test-piece holders 32 and 34 was brought to 20 mm. The cross head 
33 was moved toward tfie toad cell 31 at speed of 2 mmAnin. The compressive strengtti of ttie strengtti test 
40 piece 23 was measured for each of ttieMD test piece and tiie TD test piece. 
These measuring results were shown in tite table 1 . 



Examples 2 ttinxigh 4 and Comparative Example 1 

45 Similar to the Example 1 except ttiat ttie fbltowing glass fiber mat was used as ttie aforesaid glass fiber 
mat ttiere were produced four (4) kinds of FRTP stampable sheets. 

© A glass fiber mat in which ttie content of ttie unidirectional fiber layer was 55 wt%. and which was 
produced similarly to ttie Example 1, except ttiat ttie supply speed of ttie unidirectional fiber layer was 
changed to 1.01 times (tension was 0 g/bundle) ttie taking-over speed firom tiie needle punch machine. 

so so ttiat an amount of ttie glass tong-fiber bundles substantially under ttie relaxation condition and an 
amount of ttie glass long-fibers substantially under ttie relaxation condition In ttie glass long-fiber bundtes 
forming ttie unidirectional fiber layer were different from tiiose of ttie Example 1 (Example 2). 
@ A glass fiber mat In which ttie content of ttie unidirectional fiber layer was 55 wt%. and which was 
produced similarly to ttie Example 1, except ttiat ttie supply speed of ttie unidirectional fiber layer was 

55 changed to 1 .03 times (tension was 0 g/bundle) ttie taWng-over speed from ttie needto punch machine, 
so ttiat an amount of ttie glass long-fiber bundles substantially under ttie relaxation condition and an 
amount of ttie glass tong-fibers substantially under ttie relaxation condition In tfie glass tong-fiber bundtes 
fbrming ttie unidirectional fiber layer were different from ttiose of ttie Examples 1 and 2 (Bcampte 3). 
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® A glass fiber mat in which the content of the unidirectional nbm layer was 55 wt%. and which was 
produced similarty to the Example 1, except that the supply speed of the unidirectional fiber layer was 
changed to 1.05 tfmes (tension was 0 g/bundle) the taking-over speed from the needle punch machine, 
so that an amount of the glass long-fiber bundles substantially under the relaxation condition and an 
amount of the glass long-fibers substantially under the relaxation condition in the glass long-fiber bundles 
fonning the unidirectional fiber layer were different from ttiose of the Examples 1. 2 and 3 (Example 4). 
® A glass fiber mat in which the content of the unidirectional fiber layer was 55 wt%, and which was 
produced similarty to the Example 1. except that the supply speed of the unidirectional fiber layer was 
changed to 0.95 times (tension was 125 g/biindle) the taking-over speed from the needle punch machine, 
so that an anrwunt of tfie glass long-fiber bundles substantially under ttie relaxation condition and an 
amount of the glass long-fibers substantially under the relaxation condition In tiie glass tong-fiber bundles 
fbnning tiie unkJIrectional fiber layer were out of tiie range defined in ttie invention (Comparative 
Example 1). 

The length of tine glass tong-fiber bundles forming tiie unidirectional fiber layers In each sheet and the 
lengtfi of the glass long-fibers In tiie glass tong-fiber bundles fonning the unidirectional fiber layer were 
measured by ttie metiiods A and B similarly to ttie Example 1. An amount of ttie glass long-fiber bundles 
substantially under ttie rela}^on condition, in ttie glass long-fiber bundles forming ttie unidirectional fiber 
layer, and an amount of ttie glass tong^bers substantially under tfte relaxation condition, in ttie glass tong- 
fiber bundles forming ttie unidirectional fit»r layer were measured, similarly to ttie Example 1. Furttier, ttie 
tensile strengtti and the compressive strengtti of each sheet were measured ^milarty to ttie Example 1. 

These results were shown in the table 1. 



TABLE 1 





SPEED 
RATIO 
•1 


RELAXATION 
PERCENTAGE 
(»)«2 


(a)TENSILE 


(b)COMPRE 
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METH- 
OD ^ 
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PIECE 


TD TEST 
PIECE 


MD 
PIE 
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TD TEST 
PIECE 


BXAMPLE 


1 


0.99 


60 


45.0 


22.0 


4.8 


16 


.0 


6.3 


2 


1.01 


70 


50.0 


21.5 


5.2 


15 


.7 


6.5 


3 


1.03 


80 


83.6 


20.0 


5t5 


15.0 


6.8 


4 


1.05 


100 


93.1 


18.5 


5.0 


11 


.5 


7.0 


COMPA- 
RATIVE 

{Sample 


1 


0.95 


10 


30.0 


22.0 


5.0 


10.0 


6.1 



*1: SPEED RATIO 



FEED SPEED OF FEED ROLLER ASSEMBLY 
SPEED OF DELIVERY ROLLER ASSEMBLY 



substantially aider the relaxation condition. In the total 
lass lonf-flber bundles forming the unidirectional fiber 



glai 
til" 



izj^ln method B. an amount of glass long-fibers substantially 
unAer the relaxation condition? In t&ejotal glass long-fiber 
bundles forming the unidirectional fiber layer • 



As will be dear from the table 1. In each of the glass fiber mats used, as a reinforcement, In the FRHTP 
stampable sheets produced respectively according to tfie Examples 1 through 4, the glass long-fiber 
bundles substantially under the relaxation condition referred to In the Invention exist In. 60 " 100 wt% In the 
total glass long-fiber bundles fbmnlng the unidirectional fiber layer. Further, In each of the glass fiber mats 
used, as a refnfbrcement, In the FRTP stampable sheets produced respectively according to tiie Bcamples 
1 tiirough 4. the glass long-fibers substantially under ttw relaxation condition referred to in ttie Invention 
exist In 45.0 " 93.1 wt% In tiie glass long-fiber bundles fonning ttie unidirectional fiber layer. 

The compressive strengtti of ttie planar-plate molded article produced according to tiie Examples 1 
tiirougli 4. whose material Is ttie FRTP stampable sheet Is higher tiian ttie compressive strengtti of ttie 
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planar-plate molded article according to the Comparative Example 1, produced from the FRTP stampable 
sheet whose reinforcement Is the glass fiber mat in which the amount (percentage) of the glass long-fiber 
bundles substantially under the relaxation condition refen^ed to In the invention is not within a range of 15 
100%, and in which the amount (percentage) of the glass long-fibers substantially under the relaxation 
5 condition refenred to In the Invention is not within a range of 35 " 100%. Furthermore, the tensile strength of 
the ptanar-plate molded article produced according to the Examples 1 through 3 Is substantially identical 
with the tensile strength of the planar-plate molded article produced according to the Comparative Example 
1. 

In connection with the above, the tensile strength of the planar-plate molded article produced according 
10 to the Example 4 is lower than the tensile strength of the planariilate molded article produced according to 
the Comparative Example 1. As will be clear from Examples 7 and 10 to be described subsequently, 
however, in the case where stamping molding is done on a molded article having iregularities, the glass 
long-fiber bundles substantially under the relaxation condition forming the unidirectional fiber layer is 
brought to a more tensile condition in the In'egular portion of the molded article by the stress at molding. 
T6 Accordingly, the FRTP stampable sheet gives a molded article which has higher tensile strength in the 
reinforcing direction than the planar-plate molded article. 

Moreover, observation of the cross-sectional face of each of the FRTP stampable sheets produced 
according to the Bcamples 1 through 4 and the Comparath^ Example 1 Indicated as follows. That is, In the 
sheet according to the Comparative Example 1, Impregnation of the molten extruded polypropylene 
20 Interposed between the glass fiber mats, into the glass long-fiber bundles was Insufficient, and the 
polypropylene existed in a thickness of the order of 1.6 mm. In contrast, in the sheets according to the 
Examples 1 through 4. however, Impregnation of the resin Into the glass long-fiber bundles was sufficient, 
and the thickness of the polypropylene was less than 1 mm. 

26 Examples 5 through 10 and Comparative Bcamples 2 through 3 

The FRTP stampable sheets produced according to the Examples 1 , 3 and 4 were employed to form a 
test beam supposing the bumper beam, in the following manner. 

® Three (3) blanks (hereinafter refenred to as "A-type blank") whose length In the reinfordng direction 
30 was 1450 mm and whose length in a direction perpendicular to the reinforcing direction was 100 mm. 
and eight (8) blanks (hereinafter refenred to as "B-type blank") whose length in the reinfordng direction 
was 785 mm and whose length In a direction perpendicular to the reinfordng direction was 100 mm were 
brought down out of the FRTP stampable sheet produced according to the Example 1. Subsequently, 
these blanks were heated such that their surface temperature was brought to 200 + 10 'C. Subse- 
ts quently, three (3) heated A-type blanks were laminated upon each other so as to anwge their reinfordng 
directions. Bght (8) heated B^pe blanks were laminated upon the three heated A-type blanks such that 
the reinfordng directions of the respective B-type blanks were anwiged. The A-type and B-type blanks 
were moWed under conditions that moW temperature was 40 * C. press pressure was 300 tons, press 
pressurizatlon speed was 12 mm/sec and cooHng time was 50 sec, to form a test beam whose weight 
40 was 5.0 kg. Likewise, there were produced ten (10) test beams In sum (Example 5). 

(2) Similarly to the Example 5 except that the FRTP stampable sheet produced according to the 
Example 3 was used, there were produced ten (10) test beams, in sum, Identical In configuration and 
identical In weight with the Example 5 (Example 6). 

® Similarly to the Exampte 5 except that the FRTP stampable sheet produced according to the 
45 Example 4 was used, there were produced ten (10) test beams. In sum. Identical in configuration and 
Identical In weight with the Example 5 (Example 7). 

® Simllarty to the Example 5 except that the FRTP stampable sheet produced according to the 
0>mparatlve Bcample 1 was used, there were produced ten (10) test beams, in sum, identical In 
configuration and identical in weight witfi tiie Example 5 (Comparative Exampte 2), 

50 ® Configuration of tiie blanks brought down out off ttie FRTP stampable sheet produced according to 
tiie Example 1 was changed to one In which ttie lengtfi In tiie reinforcing direction was 1450 mm and the 
lengtti in ttie direction perpendicular to tiie reinfordng direction was 91.7 mm. The blanks were molded 
under conditions Identical witii ttiose of ttie Example 5 except tiiat eight (8) blanks were employed. There 
were produced ten (10) test beams. In sum. Identical In configuration and Identical in weight wHh tiie 

56 Example 5 (Example 8). 

(D Similarly to the Example 8 except ttiat tiie FRTP stampable sheet produced according to ttie 
Example 3 was used, tiiere were produced ten (10) test beams, In sum. Identical In configuration and 
identical In weight with the Bcample 8 (Example 8). 
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Q) Simllarty to the Example 8 except that the FRTP stampable sheet produced according to the 
Example 4 was used, there were produced ten (10) test beams, in sum, identical in configuration and 
Identical in weight with the Example 8 (Example 10). 

(D Simllarty to the Example 8 except that the FRTP stampable sheet produced according to the 
5 Comparative Example 1 was used, there were produced ten (10) test beams, in sum. Identical in 
configuration and identical in weight with the Example 8 (Comparative Example 3). 
In connection with the above, as shown in Figs. 4a, 4b and 4c. any of test beams 40 are a molded 
article of U-shaped cross-section having a flange 41 at each end on the side of an opening face. An entire 
length (li) on the side of the opening face was 1500 mm, a width (wi) was 160 mm, an entire length (k) on 
10 the side of a closed face was 1200 mm, and a width (wa) was 100 mm. A pair of stay mounting recesses 42 
are provided at both ends on the side of the closed face. A distance between the centers of tiie recesses is 
1200 mm. 

Visual observation confirmed the presence or absence of underfill with reference to the tiius produced 
test beams. Further, presence or absence of welds in both side faces of the test beams in the longitudinal 
f 5 direction, particularly, in central portions adjacent to side section of the stay-mounting recesses (that is, four 
(4) locations per one test beam) was confirmed by the use of soft X-rays. The results are depicted in the 
tabled 

Moreover, a brealdng load of each of the test beams was measured in the following manner. 

As shown in Figs. 5a and 5b, a threeiX)lnt bending test apparatus 56 was used which comprised a 

20 frame 53 supported by four (4) guide posts 50 and a single load cell 51 and having support-jig engaging 
sections 52 at both ends on an upper face in the lengthwise direction; a pair of support jigs 54 provided 
respectively on the support^Pg engaging sections 52 of the frame 53 for angular movement; and a pressor 
(radius at its forward end: 90 mm) 55 located above a space between the support pgs 54. The support jigs 
54 were abutted respectively against the bottoms of the stay-mounting sections 42 of the test beam 40, to 

25 support the samei Three-point bending test was conducted under such conditions that descending speed of 
the presser 55 was 2 mm/sec, and atmosphere temperahjre was 23 ± 3 * C. A load (breaking load) at the 
time the test beam was destroyed or broken was measured. Simultaneously, determination of the breaking 
mode was made. 

These results were depicted in the table 2, with ttie breaking load being bnsadly divided into a mean 
30 value (X) of ten (10) samples, and a standard deviation (o ) tttereof and a lower control-limit value (X - 3? ) 
and witii ttie breaking mode being broadly divided into compressive breaking (central compression) at the 
central portion and shearing breaking (stay shearing) adjacent to tiie stay mounting portions. 
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TABLE 2 
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As will be clear from the table 2, underfill could not be seen in the test beams of the Examples 5 
through 7 In which there were used two Wnds of blank sizes. Further, underfill could not also be seen In the 
Examples 6 through 10 In which there was used a single Wnd of blank size. This was because the molding 
flowabillty of the FRTP stampable sheets used In the Examples 8 through 10 In the relnfordng direction was 
superior. To the contrary, although underfill could not be seen in the test beam according to the 
Comparative Example 2 In which there were used two kinds of blank sizes, underfill could be seen In all of 
the test beams according to the Comparative Example 3 in which there was used a single Wnd of blank 
size. This was because the molding ftowablfity of the used FRTP stampable sheet was low In the reinforcing 
direction. ^ ... 

Further, since the FRTP stampable sheets used In the Examples 5 through 7 had higher molding 
flowabillty in the reinforcing direction than those employed in the Comparative Example 2. the number of 
the test beams according to the Examples 6 through 7. In which weld occuned, were smaller than the 
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number of those according to the Comparative Example 2. 

Furthemiore, the mean values In the breaking load of the test t)eams according to the Examples 5 
through 10 were considerably larger than the mean values In the breaking load of the test beams according 
to the Comparative Example 2 and 3. Thus, the test beams according to the Examples 5 through 10 were 

5 superior In mechanical strength. Moreover, the lower controHimit values of the test beams according to the 
Examples 5 through 10 were considerably larger than the tower control-limit values of the test beams 
according to the Comparative Examples 2 and 3. It was confirmed that the test beams of the Examples 5 
through 10, particularly the Examples 8 through 10 were low in quality variation, and were high In reliability. 
In connection with the above, even In the test beams according to the Examples 7 and 10. which are 

10 produced by the use of the FRTP stampable sheet according to the Example 4 tower In tensile strength In 
the reinforcing direction at the time of being formed into the planar-plate molded article, than the FRTP 
stampable sheet according to the Comparative Example 1. there can be obtained more superior results than 
the test beams according to the Comparative Examples 2 and 3 which are produced by the use of the 
FRTP stampable sheet according to the Comparative Example 1. This is because the test beams according 

75 to the Examples 7 and 10 have more superior compressive strength in the reinforcing direction than the test 
beams according to the Comparative Examples 2 and 3. and because stamping molding of the FRTP 
stampable sheet according to the Example 4 into the molded article having In'egularities causes the stress 
at molding to bring the glass tong-fiber bundles and the glass tong-flbers substantially under the relaxation 
condition, fomning the unidirectional fiber layer, further to the tensite condition in the irregular portions of the 

20 molded article, so tiiat the tensile strength !n the reinforcing direction is more improved, than the planar- 
plate molded articto. 

Concerning the breaking mode of the test beams, in the Examples 5 and 6 of the Examples 5 through 7 
in which the weld occunred. both the stay shearing and the central compression were observed. In tiie 
Example 7, in which the weld occunred was slight tiie stay shearing was not observed, but only the central 

25 compression was observed. On tiie ottier hand, in the Comparative Exampto 2, there were many stay 
shearings because of tiie weld, so that some test beams were broken by ttte central compression at a tow 
toad. Furtiier, in tiie Examples 8 through 10 and the Comparative Example 3 In which no weld occuned. tiie 
breaking mode was all the central compression. 

In connection with tiie above, almost no exposed glass fibers could not be seen on the surface of each 

30 of tiie test beams produced according to the Examptos 5 through 10. Thus, the test beams produced 
according to tiie Examples 5 through 10 have more superior fine view and easier handling property tiian tiie 
test beams accoitling to tiie Comparative Examples 2 and 3. in which many glass fibers were exposed. 

As illustrated above in the Examples, tiie FRTP stampable sheet according to the invention has 
improved impregnation of the tiiermoplastic resin Into tiie glass long-fiber bundtes fbnning the unidirectional 

35 fiber layer and has superior molding flowability In the reinforcing direction and the compressh/e strength. 
Further, the moWed article according to the invention, which is obtained from the above-described FRTP 
stampable sheet, has superior tensile strength in any direction and has also superior compressive strength 
in the reinforcing directton. Furtiiermore. the mokfed articto has also superior fine view and handl'mg. 

Accordingly, carrying the invention into practice enables the FRTP stampable sheet superior in 

40 mechanical strength, reliability, fine view and easiness of handling, and the molded articto thereof, to be 
easily produced under high productivity. 

Clatms 

45 1. A stampabto sheet made of fiber-reinforced thermoplastic resin, wherein a glass fiber mat Is Impreg- 
nated with thermoplastic resin, said glass fitter mat being formed by mechanically Intertwining (i) a non- 
oriented fiber layer composed of glass tong-fiber bundles so an'anged as to have no directional 
property and (11) a unidirectional fiber layer composed of glass tong-fiber bundtos so arranged as to 
have a directional property in a predetennined direction, characterized in tiiat a content of said glass 

50 fiber mat In the stampabto sheet made of the fiber-TBlnfbrced thenmoplastic resin is 20 wt% " 55 wt%. 
tiiat a content of tiie glass long-fiber bundles forming said unidirectional fiber layer, in said glass fiber 
mat is 20 wt% " 80 wt%. and that a significant amount of glass tong-fiber bundles among ttie glass 
long-fiber bundtos forming said unkHrectional fiber layer or a significant amount of glass tong-fibers In 
the glass tong-fiber bundles fbnning said unidirectional fiber layer is substantially under a retoxation 

55 condition. 

2. A stampable sheet made of fiber-reinforced ttiermoplastic resin, according to claim 1. wherein tongtti of 
the glass k)ng^ber bundles substantially under the relaxation condition, as viewed in plane, is 1.005 to 



14 



EP0434 846A1 



1.10 times length, in the orientation direction, of the glass long-fiber bundles forming the unidirectional 
fiber layer in said stampable sheet made of the fiber-reinforced thermoplastic resin, and wherein a 
content of said glass long-fiber bundles substantially under the relaxation condition, among the glass 
long-fiber bundles fomning the unidirectional fiber layer, is 15% through 100%. 

3. A stampable sheet made of fiber-reinforced thermoplastic resin, according to claim 1, wherein length of 
the glass long-fibers substantially under the relaxation condition Is 1.005 to 1.10 times length, in the 
orientation direction, of the glass long-fiber bundles fonming the unidirectional fiber layer in said 
stampable sheet made of the fiber-reinforced thermoplastic resin, and wherein a content of said glass 
long-fibers substantially under the relaxation condition. In the glass long-fiber bundles forming ttie 
unidirectional fiber layer, is 35% " 100%. 

4, A molded article characterized in ttiat a single or laminated stampable sheet(s) made of ttie fiber- 
reinforced ttiermoplastic resin according to any one of claims 1 ttirough 3 is press-molded. 
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FIG. I 
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FIG. 4a 
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FIG. 5a 
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